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The Science and Art class to which you refer has recently been 
organised, and is said to be answering very well. 

There is, however, a possibility that this state of things will be 
soon partly altered, for rumours are afloat that our excellent 
member, Mr. Brassey, has offered to provide a suitable building 
in which all the local societies will have apartments, but no par¬ 
ticulars are yet known. 

Hastings, Jan. 28 Alex. E. Murray 

P.S.—Since writing the above I remember that I have omitted 
the Athenceum, but as this is mainly a debating society it has 
little to do with the advance of science. 


OUR ASTRONOMICAL COLUMN 
The Total Solar Eclipse of 1876, Sept. 17-18. 
—The track of totality in this eclipse is wholly upon 
the Pacific Ocean, and in such course that only two or 
three small islands or reefs appear to be situate near the 
central line. Using the Nautical Almanac elements, 
which are almost identical with those of the American 
Ephemeris, wherein the moon’s place is derived from 
Peirce’s Tables, St. Matthias Island, west of Admiralty 
Islands off the north-east coast of New Guinea, is tra¬ 
versed by the central track of the shadow, with the sun 
at an altitude of 5° at 6h. 16m. A.M. on the 18th local 
time. Thence skirting Ellice Islands it passes between 
the Fiji’s and the Samoan or Navigator group . to Savage 
Island, in 170° west of Greenwich, latitude 19 0 south, 
which is apparently the only spot where totality may be 
witnessed under anything like favourable conditions, and 
even here the duration of totality is less than one minute. 
The after course of the central line does not encounter 
any land. 

In the northern of the two large islands of the Fiji 
group (Vanua. Levu) 179° east, a partial eclipse will occur 
commencing at 7h. 47m. A.M. local time 44° from the 
sun’s north point towards the west for direct image, and 
ending at ioh. 16m., magnitude o - 86. In the larger 
island of the Navigator group, Savaii, of the Admiralty 
Chart, there will also be a partial eclipse, though nearly 
approaching totality ; eclipse begins 8h. 23m. A.M. at 53° 
from the sun’s north point towards the west, and ends at 
nh. 2m., magnitude o‘97. 

Assuming the north point of Savage Island to be in 
169° 48' W., with 18 0 55' south latitude, a direct calcu¬ 
lation gives a total eclipse commencing at ioh. 8m. 6s. 
A.M. local mean time, and continuing 57 seconds with the 
sun at an altitude of 58° ; the first contact of the moon 
with the sun’s limb at 8h, 48m. A.M., 49 0 from his north 
point towards west for direct image, and the end of the 
eclipse at nh, 29m. 

In New Zealand the eclipse attains a magnitude of 
about o - 5 at Auckland, greatest phase at gh. 18m. A.M. ; 
towards the extremity of the southern island about Otago, 
one-third of the sun’s diameter will be obscured about 
9h. 12m. local time. A partial eclipse between similar 
limits will be visible on the east coast of Australia and in 
Van Diemen’s Land. 

Minor Planets. —The long period of revolution 
assigned to No. 153, Hilda, by the early calculations has 
been confirmed by a new determination of the elements 
by Herr Kiihnert, of Vienna, upon more than eight weeks’ 
observations. The orbit is as follows :— 

Mean Longitude, 1875, Dec. 19, at Berlin 

noon. 

Longitude of perihelion . 

„ „ ascending node 

Inclination to ecliptic. 

Excentricity . 

Mean diurnal motion . 

Semi-axis major . 

Hence the period of sidereal revolution is 2,868 days, or 
7"85 years.—For No. 158 detected at Berlin on Jan. 4, 
Dr. Maywald, who has been so long occupied in computa¬ 
tions connected with the minor planets, has proposed the 
name “ Koronis.”—No. 155, discovered by Palisa at Pola 
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on Nov. S, has so far been observed only on four nights, 
and these observations being at intervals which render 
them unavailable for calculation of elliptical elements, it 
appears not unlikely that it will be lost, as are already 
several minor planets similarly circumstanced, unless an 
effort be made to recover it with the aid of circular 
elements in the next period of absence of moonlight, and 
with some one of the larger telescopes ; it was not 
brighter than a star of the twelfth magnitude at dis¬ 
covery, and must now be considerably fainter.—The 
period of revolution of No. 150 by seven weeks’ observa¬ 
tions is 1,879! days- 

M. Paul Henry, of the Observatory of Paris, announces 
his discovery of No. 159 on Jan. 26. 

The Second Comet of 1702.—A complete reduction 
and discussion of the observations of this comet, taken 
at Rome by Bianchini and Maraldi, does not afford indi¬ 
cations of elliptical motion, as might be surmised to exist 
from the small inclination of the orbit to the ecliptic and 
the direct movement. In fact, these observations appear 
to be by no means precise, and the differences from cal¬ 
culation inter se are too irregular to afford any hope of 
sensibly improving upon the orbit given by Burckhardt. 
Considering that the differences of right ascension be¬ 
tween the comet and comparison stars -were taken by 
means of clocks, and the differences of declination 
measured by a micrometer scale, the arc value of which 
was determined by observation of the sun’s diameter, 
rather better places might have been looked for. The 
following are the errors given by Burckhardt’s orbit, as 
compared with the newly reduced positions in which 
aberration and parallax have been taken into account:— 
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The comet was at its least distance from the earth on 
the night of April 19, when it approached our globe 
within 0-0438 of the earth’s mean distance from the sun. 


PROF. TYNDALL ON GERMS* 

T N further illustration of the dangers incurred in this 
field of inquiry the author refers to the excellent 
paper of Dr. Roberts on Biogenesis, in the “ Philosophical 
Transactions” for 1874. Dr. Roberts fills the bulb of 
an ordinary pipette to about two-thirds of its capacity 
with the infusion to be examined. In the neck of the 
pipette he places a plug of dry cotton-wool. He then 
hermetically seals the neck and dips the bulb into boil¬ 
ing water or hot oil, where he permits it to remain for 
the requisite time. Here we have no disturbance from 
ebullition, and no loss by evaporation. The bulb is re¬ 
moved from the hot water and permitted to cool. The 
sealed end of the neck is then filed off, the cotton-wool 
alone interposing between the infusion and the atmo¬ 
sphere. 

The arrangement is beautiful, but it has one weak 
point. Cotton-wool free from germs is not to be found, 
and the plug employed by Dr. Roberts infallibly contained 
them. In the gentle movement of the air to and fro as 
the temperature changed, or by any shock, jar, or motion 
to which the pipette might be subjected, we have cer¬ 
tainly a cause sufficient to detach a germ now and then 
from the cotton-wool which would fall into the infusion 
and produce its effect. Probably, also, condensation 
occurred at times in the neck of the pipette ; the water 
of condensation carrying back from the cotton-wool the 
seeds of life. The fact of fertilisation being so rare as Dr. 
Roberts found it to be is a proof of the care with which 

* On the Optical Deportment of the Atmosphere in reference to the Phe¬ 
nomena of Putrefaction and Infection. Abstract of a paper read before 
the Royal Society, January 13th, by Prof. Tyndall, F.R.S. (Communicated 
by the author.) Continued from p. 254. 
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his experiments were conducted. But he did find cases 
of fertilisation after prolonged exposure to the boiling 
temperature ; and this caused him to come to the con¬ 
clusion that under certain rare conditions spontaneous 
generation may occur. He also found that an alkalised 
hay-infusion was so difficult to sterilise that it was capable 
of withstanding the boiling temperature for hours without 
losing its power of generating life. The most careful ex¬ 
periments have been made with this infusion. Dr. 
Roberts is certainly correct in assigning to it superior 
nutritive power. But in the present inquiry five minutes 
boiling sufficed to completely sterilise the infusion. 

Summing up this portion of his inquiry, the author 
remarks that he will hardly be charged with any desire to 
limit the power and potency of matter. But holding the 
notions he does upon this point, it is all the more incum¬ 
bent on him to affirm that as far as inquiry has hitherto 
penetrated, life has never been proved to appear inde¬ 
pendently of antecedent life. 

Though the author had no reason to doubt the general 
diffusion of germs in the atmosphere, he thought it desi¬ 
rable to place the point beyond question. At Down, Mr. 
Darwin, Mr. Francis Darwin; at High Elms, Sir John 
Lubbock; at Sherwood, near Tunbridge Wells, Mr. 
Siemens; at Pembroke Lodge, Richmond Park, Mr. 
Rollo Russell; at Heathfield Park, Messrs. Hamilton ; 
at Greenwich Hospital, Mr. Hirst : at Kew, Dr. Hooker ; 
and at the Crystal Palace, Mr. Price, kindly took charge 
of infusions, every one of which became charged with 
organisms. To obtain more definite insight regarding 
the diffusion of atmospheric germs, a square wooden tray 
was pierced with 100 holes, into each of which was dropped 
a short test-tube. On Oct. 23, thirty of these tubes were 
filled with an infusion of hay, thirty-five with an infusion 
of turnip, and thirty-five with an infusion of beef. The 
tubes, with their infusions, had been previously boiled, 
ten at a time, in an oil-bath. One hundred circles were 
marked on paper so as to form a map of the tray, and 
every day the state of each tube was registered upon the 
corresponding circle. In the following description the 
term “cloudy” is used to denote the first stage of tur¬ 
bidity ; distinct but not strong. The term “ muddy ” is 
used to denote thick turbidity. 

One tube of the too was first singled out and rendered 
muddy. It belonged to the beef group, and it was a 
whole day in advance of all the other tubes. The pro¬ 
gress of putrefaction was first registered on Oct. 26 ; the 
“ map ” then taken may be thus described :— 

Hay. —Of the thirty specimens exposed one had be¬ 
come “ muddy”—the seventh in the middle row reckon¬ 
ing from the side of the tray nearest the stove. Six tubes 
remained perfectly clear between this muddy one and the 
stove, proving that differences of warmth may be over¬ 
ridden by other causes. Every one of the other tubes 
containing the hay infusion showed spots of mould upon 
the clear liquid. 

Turnigi —Four of the thirty-five tubes were very 
muddy, two of them being in the row next the stove, one 
four rows distant, and the remaining one seven rows 
away. Besides these six tubes had become clouded. 
There was no mould on any of the tubes. 

See/.—One tube of the thirty-five vras quite muddy, in 
the seventh row from the stove. There were three cloudy 
tubes, while seven of them bore spots of mould. 

As a general rule organic infusions exposed to the air 
during the autumn remained for two days or more per¬ 
fectly clear. Doubtless from the first germs fell into 
them but they required time to be hatched. This period 
of clearness maybe called the “ period of latency,” and 
indeed it exactly corresponds with what is understood by 
this term in medicine. Towards the end of the period of 
latency, the fall into a state of disease is comparatively 
sudden ; the infusion passing from perfect clearness to- 
cloudiness more or less dense in a few hours. 


Thus the tube placed in Mr. Darwin’s possession was 
clear at 8.30 A.M. on Oct. 19, and cloudy at 4.30 P.M. 
Seven hours, moreover, after the first record of our tray 
of tubes, a marked change had occurred. It may be thus 
described :—Instead of one, eight of the tubes containing 
hay-infusion had fallen into uniform muddiness. Twenty 
of these had produced Bacterial slime, which had fallen 
to the bottom, every tube containing the slime being 
covered by mould. Three tubes only remained clear, but 
with mould upon their surfaces. The muddy turnip- 
tubes had increased from four to ten ; seven tubes were 
clouded, while eighteen of them remained clear, with here 
and there a speck of mould on the surface. Of the beef, 
six were cloudy and one thickly muddy, while spots of 
mould had formed on the majority of the remaining tubes. 
Fifteen hours subsequent to this observation, viz. on the 
morning of Oct. 27, all the tubes containing hay-infusion 
were smitten, though in different degrees, some of them 
being much more turbid than others. Of the turnip- 
tubes, three only remained unsmitten, and two of these 
had mould upon their surfaces. Only one of the thirty- 
five beef-infusions remained intact. A change of occu¬ 
pancy, moreover, had occurred in the tube which first 
gave way. Its muddiness remained grey for a day and a 
half, then it changed to bright yellow green, and it main¬ 
tained this colour to the end. On the 27th every tube of 
the hundred was smitten, the majority with uniform tur¬ 
bidity ; some, however, with mould above and slime 
belowq the intermediate liquid being tolerably clear. The 
whole process bore a striking resemblance to the propa¬ 
gation of a plague among a population, the attacks being 
successive and of different degrees of virulence. 

From the irregular manner in which the tubes are 
attacked, we may infer that, as regards quantity, the 
distribution of the germs in the air is not uniform. The 
singling out, moreover, of one tube of the hundred by 
the particular Bacteria, that develop a green pigment, 
shows that, as regards quality, the distribution is not 
uniform. The same absence of uniformity was manifested 
in the struggle for existence between the Bacteria and the 
penicillium. In some tubes the former were triumphant; 
in other tubes of the same infusion the latter was trium¬ 
phant. It would seem also as if a want of uniformity as 
regards vital vigour prevailed. With the self-same infu¬ 
sion the motions of the Bacteria in some tubes were 
exceedingly languid, while in other tubes the motions 
resembled a rain of projectiles, being so rapid and violent 
as to be followed with difficulty by the eye. Reflecting 
on the whole of this, the author concludes that the germs 
float through the atmosphere in groups or clouds, with 
spaces more sparsely filled between them. The touching 
of a nutritive fluid by a Bacterial cloud would naturally 
have a different effect from the touching of it by the inter¬ 
space between two clouds. But as in the case of a 
mottled sky, the various portions of the landscape are 
successively visited by shade, so, in the long run, are the 
various tubes of our tray touched by the Bacterial clouds, 
the final fertilisation or infection of them all being the 
consequence. The author connects these results with the 
experiments of Pasteur on the non-continuity of the cause 
of so-called spontaneous generation, and with other 
experiments of his own.* 

On the 9th of November a second tray containing one 
hundred tubes filled with an infusion of mutton was ex¬ 
posed to the air. On the morning of the 1 ith six of the 

* In hospital practice the opening of a wound during the passage of a 
Bacterial cloud would have an effect very different from, the opening of it 
in the interspace between two clouds. Certain caprices in the behaviour of 
dressed wounds may possibly be accounted for in this way- Under the 
heading “Nothing new under the Sun,” Prof. Huxley has Just sent me the 
following remarkable extract:—“Uebrigens Kann man sich die in der 
Atmosphare schwimmenden Thierchen wie Wolken den ken, mit denen ganz 
leere L-uftmassen, ja ganze Tage vollig reinen Luftverhaltnisse wechseln.” 
(Ehrenberg, “Infusions Thierchen,” 1838, p. 525.) The coincidence of 
phraseology is surprising, for I knew nothing of Ehrenberg’s conception. 
My “ clouds,” however, are but small miniatures of his. 
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ten nearest the stove had given way to putrefaction. 
Three of the rows most distant from the stove had yielded, 
while here and there over the tray particular tubes were 
singled out and smitten by the infection. Of the whole 
tray of one hundred tubes, twenty-seven were either 
muddy or cloudy on the nth. Thus, doubtless, in a con¬ 
tagious atmosphere, are individuals successively struck 
down. On the 12th all the tubes had given way, but the 
differences in their contents were extraordinary. All of 
them contained Bacteria, some few, others in swarms. 
In some tubes they were slow and sickly in their motions, 
in some apparently dead, while in others they darted 
about with rampant vigour. These differences are to 
be referred to changes in the germinal matter, for the 
same infusion was presented everywhere to the air. Here 
also we have a picture of what occurs during an epidemic, 
the difference in number and energy of the Bacterial 
swarms resembling the varying intensity of the disease. 
It becomes obvious from these experiments that of two 
individuals of the same population, exposed to a con¬ 
tagious atmosphere, the one may be severely, the other 
lightly attacked, though the two individuals may be as 
identical as regards susceptibility as two samples of one 
and the same mutton infusion. 

The author traces still further the parallelism of these 
actions with the progress of infectious disease. The 
Times of January 17 contained a remarkable letter on 
Typhoid Fever signed “ M.D.,” in which occurs the fol¬ 
lowing remarkable statement :—“ In one part of it (Edin¬ 
burgh), congregated together and inhabited by the lowest 
of the population, there are, according to the Corporation 
return for 1874, no less than 14,319 houses or dwellings— 
many under one roof, on the 1 flat ’ system—in which 
there are no house connections whatever with the street 
sewers, and, consequently, no water-closets. To tins 
day, therefore, all the excrementitious and other refuse of 
the inhabitants is collected in pails or pans, and remains 
in their midst, generally in a partitioned-off corner of the 
living room, until the next day, when it is taken down to 
the streets and emptied into the Corporation carts, 
Drunken and vicious though the population be, herded 
together like sheep, and with the filth collected and kept 
for twenty-four hours in their very midst, it is a remark¬ 
able fact that typhoid fever and diphtheria are simply 
unknown in these wretched hovels.” 

This case has its analogue in the following experiment, 
which is representative of a class. On Nov. 30 a quantity 
of animal refuse, embracing beef, fish, rabbit, hare, was 
placed in two large test-tubes opening into a protecting 
chamber containing six tubes. On Dec. 13, when the 
refuse was in a state of noisome putrefaction, infusions of 
whiting, turnip, beef, and mutton were placed in the other 
four tubes. They were boiled and abandoned to the 
action of the foul “ sewer gas ” emitted by their two 
putrid companions. On Christmas-day the four infusions 
were limpid. The end of the pipette was then dipped 
into one of the putrid tubes, and a quantity of matter 
comparable in smallness to the pock-lymph held on the 
point of a lancet was transferred to the turnip. Its clear¬ 
ness was not sensibly affected at the time ; but on the 
26th it was turbid throughout. On the 27th a speck from 
the infected turnip was transferred to the whiting ; on the 
28th disease had taken entire possession of the whiting. 
To the present hour the beef and mutton tubes remain as 
limpid as distilled water. Just as in the case of the living 
men and women in Edinburgh, no amount of fetid gas 
had the power of propagating the plague, as long as the 
organisms which constitute the true contagium did not 
gain access to the infusions. 

The universal prevalence of the germinal matter of 
Bacteria m water has been demonstrated with the utmost 
evidence by the experiments of Dr. Burdon Sanderson. 
But the germs in water are in a very different condition, 
as regards readiness for development, from those in air. In 


water they are thoroughly wetted, and ready, under the 
proper conditions, to pass rapidly into the finished 
organism. In air they are more or less desiccated, and 
require a period of preparation more or less long to bring 
them up to the starting-point of the water-germs. The 
rapidity of development in an infusion infected by either 
a speck of liquid containing Bacteria or a drop of water 
is extraordinary. On Jan. 4 a thread of glass almost 
as fine as a hair was dipped into a cloudy turnip in¬ 
fusion, and the tip only of the glass fibre was introduced 
into a large test-tube containing an infusion of red mullet. 
Twelve hours subsequently the perfectly pellucid liquid 
was cloudy throughout. A second test-tube containing 
the same infusion was infected with a single drop of the 
distilled water furnished by Messrs. Hopkin and Williams ; 
twelve hours also sufficed to cloud the infusion thus 
treated. Precisely the same experiments were made 
with herring with the same result. At this season of the 
year several days’ exposure to the air are needed to produce 
so great an effect. On Dec. 31a strong turnip-infusion 
was prepared by digesting thin slices in distilled water at a 
temperature of 120° F. The infusion was divided between 
four large test-tubes, in one of which it was left unboiled, 
in another boiled for five minutes, in the two remain¬ 
ing ones boiled, and after cooling infected with one drop 
of beef-infusion containing Bacteria. In twenty-four 
hours the unboiled tube and the two infected ones were 
cloudy, the unboiled tube being the most turbid of the 
three. The infusion here was peculiarly limpid after 
digestion ; for turnip it was quite exceptional, and no 
amount of searching with the microscope could reveal in 
it at first the trace of a living Bacterium ; still germs were 
there which, suitably nourished, passed in a single day 
into Bacterial swarms without number. Five days have 
not sufficed to produce an effect approximately equal to 
this in the boiled tube, which was uninfected but exposed 
to the common laboratory air. 

There cannot, moreover, be a doubt that the germs in 
the air differ widely among themselves as regards fire- 
fiaredmss for development. Some are fresh, others old; 
some are dry, others moist. Infected by such germs the 
same infusion would require different lengths of time to 
develop Bacterial life. This remark applies to and 
explains the different degrees of rapidity with which epi¬ 
demic disease acts upon different people. In some the 
hatching-period, if it may be called such, is long, in some 
short, the differences depending upon the different degrees 
of preparedness of the contagium. 

The author refers with particular satisfaction to the un¬ 
tiring patience, the admirable mechanical skill, the veracity 
in thought, word, and deed displayed throughout this first 
section of a large and complicated inquiry by his assistant, 
Mr. John Cottrell, who was zealously aided by his junior 
colleague, Mr. Frank Valter. 

Note. Jan. 31.—The notion that the-author limited 
himself to temperatures of 6o° and 70° Fahr. is an entire 
misconception. But more of this anon. 


THE OCCURRENCE AND MANUFACTURE OE 
FLINT SKIN-SCRAPERS FROM NEW JER¬ 
SEY, US. A. 

A REMARKABLE feature of the common Indian 
relics found in Central New Jersey is the very great 
abundance of “ skin-scrapers,” as one form of stone im¬ 
plements is everywhere known ; and the great care that 
has evidently been bestowed upon them in the making 
equally attracts the attention when a series of these im¬ 
plements is examined. That a flint implement used ift 
the preparation of skins for clothing and tent-covering 
should require as much care in its manufacture as aft 
arrow-point, does not seem probable, and one would natu¬ 
rally expect to find in a scraper simply a comparatively 
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